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Flow Injection Techniques in Atomic 
Spectroscopy 
The following are summaries of two of the papers presented at  the RSC Symposium of the 
1991 Annual Meeting of the Federation of Analytical Chemistry and Spectroscopy Societies 
held on October 6th-llth, 1991, in the Disneyland Hotel and Convention Center, Anaheim, 
California. 
Flow Injection Techniques for Improving the Precision and Accuracy 
of Analytical Atomic Spectrometry 
Julian F. Tyson 
Department of Chemistry, University of Massachusetts, Amherst, MA 01003, USA 
It is well known that analytical methods which employ atomic 
spectrometric quantification suffer from a variety of inter- 
ference effects. Part of the driving force for research in atomic 
spectrometry has concerned the requirement to achieve 
greater accuracy. Although in principle it is always possible to 
employ a matrix-matching calibration procedure , in practice 
the matrix may not be sufficiently well characterized when real 
samples are encountered. When the relationship between 
precision and concentration is examined, a typical Ringbom 
plot is observed for atomic spectrometric techniques and hence 
it may be deduced that if the precision of the response could be 
improved then: (a) the working range could be increased; and 
(6 )  the detection limit could be lowered. As the precision is 
generally better in the absence of a matrix, the separation of 
the matrix and analyte species prior to measurement has the 
potential to improve both accuracy and precision. In addition, 
many matrix removal procedures also preconcentrate the 
analyte species and hence the precision of measurement is 
further improved. 
Several procedures have been extensively described in 
earlier literature for such separations, including precipitation 
(and coprecipitation), liquid-liquid extraction, liquid-solid 
extraction and vapour generation. Apart from the generation 
of mercury vapour and some volatile hydrides, they are not 
routinely used because there are a number of features which 
mitigate against their cost effective implementation. The 
procedures are operative intensive, require considerable 
amounts of high-purity (and therefore expensive) reagents and 
can generate problems of laboratory waste disposal. 
In recent years, the interest in the possible use of flow 
injection (FI) procedures for the implementation of some of 
these matrix isolation and preconcentration procedures in 
atomic spectrometry has been growing. The first papers with 
the words ‘flow injection’ and an atomic spectrometric 
technique were published in 1979 and the early years of flow 
injection atomic spectrometry (FI-AS) were concerned with 
the evaluation of the technique as a microsampling system with 
a controlled uptake rate.’ 
Transient Signals 
A basic feature of FI sample presentation is that a transient 
signal is obtained. Further, this signal occurs in a predictable 
time-window as the hydrodynamic regimes in a flow manifold 
are reproducible. The transient signal may be exploited for the 
purposes of calibration and for overcoming interference effects 
as illustrated by Sperling et aL2 The use of signal values at 
points other than the peak maximum as a means of ‘electroni- 
cally’ diluting the sample (a well-known procedure3) was 
combined with the method of successive d i l ~ t i o n s . ~  This is 
based on the concept that as a particular sample is progress- 
ively diluted, the extent of interference diminishes and 
eventually reaches zero at infinite dilution. The value of the 
signal in the absence of the interference can be obtained by 
extrapolation from measurements made at known dilution 
factors. Clearly, the FI peak contains information to allow this 
procedure to be implemented. 
However, transient signals can cause difficulties for some 
spectrometric techniques such as those involving electrother- 
mal atomizers and those designed for sequential multi-element 
analysis. In the former instance the kinetic mismatch between 
the FI sample delivery and the spectrometer operation cycle 
can be accommodated by suitable control over the delivery 
flow with the implementation of a stopped-flow p r ~ c e d u r e . ~  
For the latter situation, there is some discussion about the 
extent to which this is a problem637 and it may be that the 
advantages of FI may outweigh the disadvantages associated 
with the transient signal. There are some interesting possibili- 
ties for producing steady-state signals of sufficient duration 
currently being developed, including the tandem injection 
approach8 and the recirculating closed loop.’ Instruments that 
make genuinely simultaneous measurements of several ele- 
ments do not suffer from limitations caused by the transient 
nature of the signal.“’ 
Recent Developments 
In 1990, some 53 contributions to the analytical chemistry 
literature were made which concerned FI-AS. Three of these 
were  review^'^-^^ and the remainder are summarized in Table 
1. It can be seen from this summary that a total of 23 of these 
papcrs were concerned with some form of chemical pre- 
treatment in which sample and matrix components were 
separated prior to introduction into the spectrometer. 
For this purpose it is useful to view the F1 valve not merely as 
a means of sample introduction but as an interface between two 
flow systems. This is illustrated in Fig. 1, from which it can be 
seen that the two flow systems may be optimized indepen- 
dently. This is an important feature for atomic spectrometric 
detection as often the flow rate required for the operation of 
the instrument under optimum conditions is considerably 
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Table 1 Survey of the 1990 FT-AS literature 
Flame atomic emission spectrometry- 
Micro wave-induced plasma atomic emission spectrometry - 
carbonyl with gas phase preconcentration 
1. Development of a computer-controlled system 
1-2. Preconcentration and matrix removal using (1) SPE" on 
Ci8; (2) LLEt 
Hydride generation atomic absorption spectrometry - 
1. Determination of selenium in blood 
2. Determination of bismuth in metals 
3-4. Measurement of arsenic, antimony, bismuth and selenium 
with the FIAS-200 
5-6. New design of gas-liquid separator based on gauze; matrix 
removal by SPE 
I. Determination of potassium in gasoline 
1. Determination of nickel by vapour generation of the 
Direct current plasma atomic emission spectrometry - 
Electrothermal atomic absorption spectrometry - 
Flame atomic absorption spectrometry - 
1-7. Matrix removal and preconcentration 
8-13. Indirect methods 
14-15. Direct introduction of slurries; sewage sludge and foods 
17-19. Speciation; lead alkyls and calcium 
16. On-line digestion; sludge 
20. Gradient calibration 
21. High dissolved solids 
inductively coupled plasma atomic fluorescence spectrometry - 
1-2. Preconcentration of molybdenum and tungsten 
Inductively coupled plasma optical emission spectrometry - 
1-2. High-pressure introduction; thermospray and liquid 
chromatography 
3. Speciation of phosphorus 
4. Indirect determination of fluoride 
5. Preconcentration of aluminium 
6. LLE of arsenic and vapour generation 
7. Tandem injection with merging streams 
8. Intelligent matrix-matching 
9. Photodiode array spectrometer for multi-element 
determinations 
1-4. Matrix removal and preconcentration; high-performance FI, 
SPE, electrodeposition 
5.  Introduction of gold to avoid loss on pump tube 
6. Vapour generation 
7. Merging zone isotope dilution 
Inductively coupled plasma mass spectrometry - 
* SPE = Solid-phase extraction. 
7 LLE = Liquid-liquid extraction. 
t 
different from that needed for the optimum performance of the 
pre-treatment chemistry. 
There is a growing interest in the use of FI for chemical 
vapour generation (CVG) . Several research groups have 
shown that in the FI format CVG procedures, particularly 
hydride generation procedures, can tolerate larger amounts of 
potential interferents than a corresponding batch procedure. It 
is also possible to couple a matrix isolation procedure prior to 
the injection into the CVG manifold by passing the sample 
solution through a column of cation-exchange resin to reduce 
the concentration of potentially interfering cations. This 
approach has been successfully applied to the determination of 
selenium in copper14 and arsenic in n i~ke1 . l~  As a further 
development a stopped-flow reduction of AsV to As"' can be 
implemented.16 However, the superior performance of a 
system with a suitably optimized design of as-liquid separator 
can avoid a number of these restrictions. I F  
Future Developments 
The conversion of sample components into volatile derivatives 
with subsequent gas-liquid separation is an attractive general 
Fig. 1 Flow injection valve interface. The two positions of the valve 
show how the two flow systems can be optimized separately in terms of 
flow rate but that the contents of the loop are transferred from system 1 
to system 2 when the valve is switched 
principle for both increasing the sensitivity of the determi- 
nation and improving its accuracy by the removal of inter- 
ferences, There are a variety of metal derivatives of sufficient 
volatility and provided that the problem of the relative 
volatility of the solvent and derivative can be overcome (in 
general the solvent is more volatile than the derivative), 
improved analytical characteristics should be obtained. l8 
Conversion of matrix components into gaseous derivatives is 
something of a standard procedure, especially for organic 
components. Recently, attempts have been made to 
implement such wet-ashing procedures in an F1 system 
incorporating stopped-flow under pressure in a thermal oven. 
Initial results show that dissolution of organic material is 
possible with at least partial decomposition in as little as 3 min. 
Practical problems associated with pressure measurement and 
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